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Abstract
Amiata donkeys are a native breed reared in
central Italy. Safeguarding native donkey
breeds represents an opportunity for the devel-
opment of marginal areas, especially given
that donkey milk is now appearing on the mar-
ket due to its potential benefits for human
health. To date, only a few studies have
focused on the characteristics of the milk fat
globules (MFGs) in the donkey species. The
aim of this study was to assess the morphome-
tric characteristics of the fat globules, gross
composition and fatty acid classes in milk from
Amiata donkeys reared according to the typical
farming and feeding systems of the area of ori-
gin. Individual milk samples, collected from 28
Amiata donkeys between 90 and 150 days of
lactation, showed the following average com-
position (g/100 mL): 9.47 dry matter, 1.63 pro-
tein, 0.78 casein, 0.53 fat, 7.12 lactose, and
0.36 ash. The unsaturated:saturated fatty acids
ratio in milk was close to 1. The percentage of
short chains was 12.29, and the percentage of
long chain fatty acids was 47.64. The donkey
MFGs showed an average diameter of 1.92 µm,
and a number of 2.18*109/mL. Regarding MFG
distribution, 70% of the globules donkey of
milk are smaller than 2 µm. In conclusion, the
gross composition and fatty acids of Amiata
donkey milk showed similarities with milk
from other Italian donkey breeds, with the
exception of the monounsaturated fatty acid
values which were slightly higher. Donkey
MFGs had a smaller diameter and were fewer
than in the ruminant species.
Introduction
Since the 19th century, Amiata donkeys have
been reared in the Amiata mountains
(42°53’00” N, 11°37’00” E), a large inactive
volcano, in Toscana Region (central Italy). In
1993 the Anagraphic Register of the Amiata
breed was established. Like most local
European breeds the Amiata donkey has suf-
fered a critical decrease in numbers, mainly as
a consequence of agriculture industrialization.
Safeguarding this native donkey breed helps
to protect biodiversity and is also an opportuni-
ty for developing marginal areas. Donkey rear-
ing is also becoming increasingly common as
an alternative productive option for farms, and
for milk production. In fact milk from this
species has been used for human consumption
since ancient times, and currently is part of a
new trend in alternative foods mostly aimed at
consumer welfare (Salimei and Fantuz, 2012). 
Donkey milk has been successfully used in
clinical studies, in children with cow’s milk
protein allergy (CMPA), and has good palata-
bility (Monti et al., 2007; Dello Iacono and
Limongelli, 2010). Its composition is more
similar to human milk than ruminant milk,
however it is poor in lipids, and an adequate
lipid integration is needed for a toddler’s diet
(D’Auria et al., 2011). Recently, the potential
role of donkey milk has also been of increasing
interest in the prevention of atherosclerosis
and cardiovascular diseases (Tafaro et al.,
2007).
To date, studies on milk fat globules (MFGs)
have been conducted mainly on ruminants, as
the milk from these species is commercially
available. A recent review of the literature car-
ried out by our research group (Martini et al.,
2013b) on the macrostructure of milk lipids in
ruminants reported a relationship between the
dimensions of the milk fat globules and the
nutritional quality of the milk. In fact, smaller
globules have a larger amount of membrane
per volume of fat compared to the larger glob-
ules. Thus, smaller globules provide a higher
surface available for digestive enzymes, and
this surface is also rich in beneficial compo-
nents such as polyunsaturated fatty acids
(PUFAs) (Martini et al., 2013a). 
However, only a few studies have focused on
the characteristics of fat globules in the don-
key species, despite the fact that donkey milk
is now commercially available due to its poten-
tial benefits for human health. The aim of this
study was to assess the morphometric charac-
teristics of milk fat globules, gross composition
and fatty acid classes from Amiata donkeys
reared according to the typical farming sys-
tems of the area of origin.
Materials and methodsAnimals and sampling
Twenty eight individual milk samples of an
average volume of 322.16±140.95 mL were col-
lected from the morning milking of Amiata jen-
nies. The animals were healthy, adult (from 6
to 10 years) and pluriparous, had an average
live weight of 311±43 kg and a body condition
score measured on a 0 to 8 scale (Pearson and
Ouassat, 2000) of 5.1. All the jennies were
semi-extensively reared in a farm in the
province of Grosseto, following typical farming
systems of the area of origin based on natural
pasture (an area of about 50 ha were rotation-
ally grazed by the donkeys) integrated with
polyphite hay ad libitum. The hay composition
was 91.53% of dry matter (DM) and on a DM
basis: 12.23% of crude protein, 1.14% of ether
extract, 42.19% of nitrogen free extract, 28.66%
of crude fibre, 49.96% of neutral detergent
fibre, 36.93% of acid detergent fibre; 9.55% of
acid detergent lignine, 27.14% of cellulose,
13.06% of emicellulose and 7.30% of ash. Clean
drinking water was always available.
The asses were routinely machine milked.
Foals were physically separated from the dams
3-3.5 h before the first milking, following
Salimei and Fantuz (2012). The pilot milking
machine was a wheeled trolley and was set up
according to Salimei et al. (2004).
Sampling was carried out from the second
half of September to the second half of October
2012 when the jennies were between 90 and
150 days of lactation. Milk was taken to the lab-
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oratory in tanks at 4°C; no preservatives were
added. All the analyses were carried in dupli-
cate.
Milk analysisMilk gross composition
The milk samples were analysed for DM, fat
and lactose by infrared analysis (Milkoscan,
Italian Foss Electric, Padova, Italy); and pro-
teins, caseins and ashes (AOAC, 1990). Non-
fat dry matter was calculated from the differ-
ence between dry matter and fat content. Morphometric analysis of milk fat globules 
The diameter and the number of fat globules
per mL of milk (µm) in each sample were
measured by florescence microscopy following
our direct method (Martini et al., 2013b).Milk fatty acid profile 
Milk fat extraction was performed on the
samples following Rose-Gottlieb’s method
modified by Secchiari et al. (2003). Methyl
esters of fatty acids were prepared using
methanolic sodium methoxide according to
Christie (1982). 
A Perkin Elmer Auto System (Perkin Elmer,
Norwolk, CT, USA) equipped with a flame ion-
ization detector and a capillary column (30 m
× 0.25 mm; film thickness 0.25 mm; FactorFour
Varian, Middelburg, Netherlands) were used.
The helium carrier gas flow rate was 1
mL·min–1. The oven temperature program was
as follows: level 1, 50°C held for 2 min, level 2,
50 to 180°C at 2°C·min–1 then held for 20 min,
level 3, 180 to 200°C at 1°C·min–1 then held for
15 min, and finally level 4, 200 to 220°C at
1°C·min–1 then held for 30 min. The injector
and detector temperatures were set at 270 and
300°C, respectively. The peak areas of individ-
ual fatty acids (FA) were identified using an FA
standard injection (Sigma-Aldrich Chemical
Co., St. Louis, MO, USA) and quantified as a
percentage of the total FA.Statistical analysis
The frequency distribution of the total
counted and measured MFGs was evaluated
according to their size: fat globule diameters
were divided into ten classes of 1 µm class
width, from 0 to >9 µm. For each milk sample,
the percentage of MFGs within each size class
was calculated. All ten classes were represent-
ed in all the milk samples evaluated. Each milk
sample was thus characterised by a different
percentage of MFGs, for each diameter size
class. Subsequently, the ten classes were
grouped, as reported in Martini et al. (2010a),
into three sizes of fat globules: small globules
with a <2 µm diameter, medium-sized globules
with a diameter from 2 to 5 µm, and large glob-
ules with a >5 µm diameter. 
Milk fatty acids classes of saturated (SFA),
monounsaturated (MUFA), PUFA, short chain
(SCFA), medium chain (MCFA) and long chain
(LCFA) were calculated as follows:
SFA=∑ C4:0, C6:0, C8:0, C10:0, C11:0, C12:0,
C13:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0,
C21:0, C22:0, C23:0, C24:0; MUFA=∑ C14:1,
C15:1, C16:1, C17:1, C18:1 t9, C18:1 t11, C18:1
c9, C20:1, C22:1, C24:1; PUFA=∑ C18:2 t9,12,
C18:2 c9,12, C18:3 n6, C18:3 n3, C20:2, C20:3
n6, C20:4, C20:3 n3, C20:5, C22:2, C22:5, C22:6.
SCFA=∑ of the fatty acids from 4 to 10 C;
MCFA=∑ of the fatty acids from 11 to 17 C;
LCFA=∑ of the fatty acids from 18 to 24 C.
Means and standard deviation of the mor-
phometric characteristics of the MGFs, milk
gross composition and milk fatty acid classes
were carried out using JMP (2002) software.
Results and discussion 
Table 1 shows means and standard devia-
tions of the chemical composition of Amiata
donkey milk. The gross composition of the milk
was in agreement with the review by Polidori
et al. (2009) on milk from the same species.
The protein content was lower than the values
reported for domestic ruminants (Park et al.,
2007), but similar to the protein content of
human milk in early lactation. Thus the pro-
tein content is near to the dietary needs of
children and contributes to the low renal load
of solute in children drinking donkey milk
(Lönnerdal, 2003; Salimei and Fantuz, 2012).
From a nutritional point the ash content also
contributes to the renal load of solute. Ash in
Amiata donkey milk showed values between
human milk and cow milk, and was consistent
with other values for donkey breeds (Salimei et
al., 2004; Guo et al., 2007). 
Caseins constituted 48% of the nitrogen
fraction of donkey milk, with similar percent-
age to human milk (Lönnerdal, 2003), but less
than ruminant milk, in which caseins account
for 75-80% of the total nitrogen fraction (Park
et al., 2007; Salimei and Fantuz, 2012); the
casein:whey protein ratio was 0.92.
The good tolerability of donkey milk in chil-
dren suffering from CMPA (Monti et al., 2007)
could thus be due to the levels of its major
allergenic milk components, in fact its low
casein content and casein:whey protein ratio
play an important role in the sensitization
capacity of the milk (Lara-Villoslada et al.,
2005). Other factors may also help to explain
the good tolerability of donkey milk, for exam-
ple the number of casein fractions, the primary
structure of the milk proteins, and the differ-
ences in digestibility of potential milk aller-
gens, factors which have not yet been analysed
in depth (Salimei and Fantuz, 2012).
The analysed milk showed an average simi-
lar lactose content to the data reported in the
literature for donkeys, a higher content than
cow’s milk (7.1 vs 4.6 g/100 mL), but similar to
that reported for humans (6.6 g/100 mL)
(Salimei et al., 2004; Guo et al., 2007). Lactose
is a source of fast energy and gives donkey
milk a good palatability (Innocente et al.,
2011). In addition, the lactose content repre-
sents a substrate for the development of intes-
tinal microbiota with health-promoting proper-
ties (Coppola et al., 2002). On the other hand,
the majority of adults and certain ethnic
groups exhibit intolerance to milk sugar (Guo
et al., 2007).
Our results regarding the Amiata milk fat
content were in agreement with other studies
on two Italian donkey breeds - Ragusana and
Martina Franca (Salimei et al., 2004;
Martemucci and D’Alessandro, 2012). In our
study the fat was also lower than values report-
ed by Oftedal and Jenness (1988). This differ-
ence may be due above all to the breed, the
stage of lactation (Guo et al., 2007) as well as
the milking technique (Salimei and Fantuz,
2012).
The lower fat content in donkey milk com-
pared to human and cow’s milk (3.1% and
3.7%, respectively) (Saarela et al., 2005; Guo et
al., 2007) could be a limiting factor in its use
in infant nutrition in a diet exclusively based
on milk, thus an appropriate lipid integration
should be introduced (Iacono et al., 2006;
D’Auria et al., 2011). On the other hand it is
encouraging for studies on the possible use of
donkey milk in dietotherapy. 
The unsaturated fatty acid (UFA) percent-
age (Table 1) was in agreement with studies
on Martina Franca donkeys fed on fresh grass
(Chiofalo et al., 2005), and semi-extensively
farmed (Martemucci and D’Alessandro, 2012),
although our MUFA values were slightly higher
than those reported in previous studies.
Donkey milk consumption leads to a lower
intake of SFA than bovine and small ruminant
milk (Dewhurst et al., 2006; Park et al., 2007).
From a nutritional point of view, despite being
rich in UFA, donkey milk provides a limited
amount of fat, thus the total intake of UFA per
100 mL of milk is lower (251 mg) than whole
cow’s milk (1110 mg) (cow data derived from
Dewhurst et al., 2006). 
The UFA/SFA ratio in the donkey milk
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analysed was 1, closer to the values reported
for donkeys in the review of Salimei and
Fantuz (2012) and to human milk (1.4)
(Francois et al., 2003) than for ruminant milk
(0.4) (Dewhurst et al., 2006).
Similar to human milk (Yuhas et al., 2006),
donkey milk was characterized by low amounts
of short chains and high quantities of long
chain fatty acids.
The analysis of the morphometric character-
istics of the milk fat globules (Table 2) high-
lighted that the average diameter of globules
in donkeys (1.9 µm) was considerably lower
than other dairy species. In fact, average diam-
eters reported in the literature for ruminants
are 3.5 and 5.5 µm for cows; 2.79 and 4.95 µm
for sheep; and 2.2  and 2.5-2.8 µm for goats
(Martini et al., 2013b). Donkey MFGs are also
smaller than horse MFGs (2-3 µm) (Welsch et
al., 1988). Regarding human MFGs, larger
dimensions have also been found (4 µm)
(Michalski et al., 2005b). 
In donkey milk the distribution of globule
percentages in diameter classes (Figure 1)
was different from all the other dairy species.
In fact, donkey milk has the highest percent-
age of globules smaller than 2 µm, approxi-
mately 70% of the total measured MFGs. In
contrast, only 40% of the globules are smaller
than 2 µm in goat and about 36% in sheep
(Martini et al., 2010b, 2012). The fat is secret-
ed in the mammary epithelial cells as triglyc-
eride droplets which are excreted in milk
enveloped by the cell membranes. Thus our
findings seem to confirm the hypothesis that
when low fat is synthesized, a higher amount
of mammary epithelial cell membrane is avail-
able to envelop the milk fat globules, resulting
in the secretion of smaller globules (Martini et
al., 2013b).
The average size of donkey MFGs may be
important for milk digestibility. Although there
are no explanatory results in the literature, it
seems that the diameter of the MFGs has a dif-
ferent effect on the way in which fat is digest-
ed and metabolized (Michalski et al., 2005a).
In fact, some authors have speculated that
smaller native MFGs may have the best diges-
tive parameters due to the larger surface avail-
able for the lipase action (Raynal-Ljutovac et
al., 2008). Differences between donkey and
other dairy species have also been found
regarding the number of MFGs/mL of milk. In
fact, the number of donkey MFGs has been
found to be lower than that found in cows,
goats and sheep (Martini et al., 2013a). 
Conclusions
The gross and fatty acid composition of
Amiata donkey milk showed similarities with
the milk from other Italian donkey breeds. In
addition has slightly higher monounsaturated
fatty acid values. The average morphometric
characteristics of milk fat globules highlighted
a smaller diameter and a lower number of glob-
ules per mL than species that are typically used
to produce milk for human consumption. 
                                                                                         Milk quality in Amiata donkey
Table 2. Morphometric characteristics of milk fat globules.
                                                                                                       Mean                                                    SD
Globules/mL, n ×109                                                                 2.18                                                     0.17
Mean diameter, μm                                                                   1.92                                                     0.04
SG, %                                                                                            69.74                                                    1.81
MG, %                                                                                           27.49                                                    1.58
LG, %                                                                                             2.77                                                     0.39
SD, standard deviation; SG, small globules (<2 μm); MG, medium globules (from 2 to 5 m); LG, large globules (>5 μm).
Figure 1. Frequency distribution of globule percentages in diameter size classes (Cl).
Table 1. Gross composition and fatty acid classes of Amiata donkey milk.
                                                                                                     Mean                                                  SD
Composition, g/100 mL
    DM                                                                                           9.47                                                   0.05
    Fat                                                                                            0.53                                                   0.04
    Proteins                                                                                  1.63                                                   0.02
    Casein                                                                                     0.78                                                   0.02
    Lactose                                                                                   7.12                                                   0.03
    NFDM                                                                                      8.91                                                   0.05
    Ash                                                                                           0.36                                                   0.07
Fatty acid classes, g/100 g of total fatty acids
    SCFA                                                                                       12.29                                                  4.07
    MCFA                                                                                      40.08                                                  7.43
    LCFA                                                                                       47.64                                                  8.91
    SFA                                                                                          50.20                                                  9.49
    MUFA                                                                                      35.50                                                  8.85
    PUFA                                                                                       14.70                                                  4.13
    UFA/SFA                                                                                  1.00                                                   0.53
SD, standard deviation; DM, dry matter; NFDM, not fat dry matter; SCFA, short chain fatty acids (from 4 to 10 C); MCFA, medium chain
fatty acids (from 11 to 17 C); LCFA, long chain fatty acids (from 18 to 24 C); SFA, saturated fatty acids; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; UFA, unsaturated fatty acid.
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